1. Introduction
===============

Irritable bowel syndrome (IBS) is a nonorganic bowel disorder characterized by recurrent abdominal pain or "discomfort\" with stool irregularities.^\[[@R1]\]^ The pooled prevalence of IBS in the general population is about 11.2%, which ranges from 1.1% to 45%.^\[[@R2]\]^ High morbidity increases social expenditure including the economic and humanistic burden of disease.^\[[@R3]\]^ Thus, the importance of effective treatment of IBS is self-evident.

However, the current drug options including antispasmodic, antidiarrheals, rifaximin, antidepressants, Laxatives and motility accelerants are limited by barely ideal efficacy or side-effect.^\[[@R4]\]^ Probiotics, defined as live microorganisms, could change intestinal flora to regulate intestinal function such as to reduce visceral hypersensitivity,^\[[@R5]\]^ improve the mucosal barrier function, modulate immunity and chronic inflammation,^\[[@R6],[@R7]\]^ communicate with central nervous system,^\[[@R8]\]^ influence the gastrointestinal motility,^\[[@R9],[@R10]\]^ and so on. In addition, probiotics also could ameliorate hepatic steatosis of nonalcoholic fatty liver disease (NAFLD) which influences the intestinal function by gut--gut microbiota-liver axis.^\[[@R11]\]^ According to evidence from numerous clinical trials of different probiotic protocols, medical scholars agree that specific strain could relieve gastrointestinal symptoms and recommend probiotics for IBS patients because of its trait of being inexpensive, safe, and potentially beneficial,^\[[@R12]--[@R14]\]^ but its specific protocol is a pending issue.

Therefore, we performed a network meta-analysis to explore the potential protocol model.

2. Method
=========

2.1. Ethics statement
---------------------

As all analyses were based on previously published studies, no ethical approval or patient consent was required.

2.2. Literature search
----------------------

The PubMed, Medline, EMBASE, Web Of Science, and Cochrane Central Register of Controlled Trials databases were searched from January 2006 to April 2019 through the strategy: ("probiotics" OR "probiotic") AND ("irritable bowel syndrome" OR "IBS") searched in \[All Fields\].

2.3. Inclusion and exclusion criteria
-------------------------------------

Inclusion criteria were: studies were randomized controlled trials (RCTs) with double-blind and parallel design; subjects should be adult patients (age ≥18 years); studies' results were published in English, and the endpoint should meet the requirements in section of "Outcome assessment." Exclusion criteria were: Studies not adhere to the inclusion criteria; studies with only an abstract or could not extract available data; studies include other functional gastrointestinal disease or pathologies other than IBS; studies concomitant of other drugs; studies absent of wash-time.

### 2.3.1. Outcome assessment

Dichotomous data are "responders" which reflect the global efficacy of probiotics, defined as reporting "adequate relief (AR)" or "satisfactory relief (SR)" of IBS symptoms for \>50% of the time^\[[@R15]\]^ or in the last week at those 4 weeks' trials.^\[[@R16]\]^ AR or SR is identified as a primary endpoint in Rome III. Investigators would ask the patient weekly, "In the last 7 days, have you had adequate (or satisfactory) relief of your IBS symptoms?", then patient only give a subjective answer of "YES" or "NO."^\[[@R17]\]^

Adverse events (AEs) are also recorded to assess the safety.

2.4. Data extraction
--------------------

Two reviewers independently extracted and assessed the target data. Disagreements were resolved by discussion and an additional reviewer. The data included the first author, recruitment criteria, intervention, oral type, does of probiotics, treatment duration, sample size, and the number of responders. The dichotomous data are intent-to-treat data.

2.5. Assessment of quality
--------------------------

Quality was assessed as described in the Cochrane handbook.^\[[@R18]\]^ Six items (selection bias, performance bias, detection bias, attrition bias, and reporting bias and other bias) were assessed by 2 dependent reviewers.

2.6. Statistical analysis
-------------------------

Review Manager Version 5.3 (The Cochrane Collaboration, Oxford, UK) was used for the traditional meta-analysis. Risk ratio (RR) with 95% confidence interval (CI) was used to evaluate global efficacy. Heterogeneity was examined with *I*^2^ statistics. A fixed-effects model was used in *I*^2^ \<50%, if not random-effects model would be chosen.^\[[@R17]\]^ Stata SE 15 (StataCorp. College Station, TX) was used for Begg or Egger test, network graph, and net weight graph. Gemtc (GitHub) was used for Bayesian network meta-analysis to compare the indirect treatment.^\[[@R19]\]^ A *P* \<.05 was judged as statistically significant. Convergence was assessed to calculate the Potential Scale Reduction Factor (PSRF), and values were limited to 1. Sensitivity analyses were performed by reassessing pooled outcomes after single study deletion.

For studies with \>1 intervention arm, the addressing is that splitting the "shared\" group into ≥2 groups with smaller sample size (reasonably independent comparisons) according to the Cochrane handbook.^\[[@R17]\]^

3. Result
=========

The search strategy generated a total of 4638 citations, of which 209 published articles appeared to be relevant, and were retrieved for further assessment (Fig. [1](#F1){ref-type="fig"}). Of these, 195 articles were excluded for various reasons, leaving 14 eligible articles which included 1695 patients to assess the efficacy. The 14 studies were all placebo-controlled RCTs.^\[[@R16],[@R20]--[@R32]\]^ The details were presented in Table [1](#T1){ref-type="table"}.

![Flow diagram of assessment of studies identified in the meta-analysis.](medi-98-e16068-g001){#F1}

###### 

Main characteristics of included studies.
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3.1. Risk of bias in included studies
-------------------------------------

Majority of bias items showed low risk and some showed unclear risk. Only 1 study showed a high risk in the item of attrition bias because of the high level of drop-outs.^\[[@R31]\]^ In the blinding method which is critical and more important than other bias for subjective outcomes, all studies exhibited low risk. See Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} for more details.

![Risk of bias graph.](medi-98-e16068-g003){#F2}
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3.2. "Responders" in the meta-analysis
--------------------------------------

A total of 14 RCTs used the dichotomous data based on AR or SR for comparing probiotics with placebo. The sensitivity analysis found that the removal of any article did not have a significant impact on the final result, but suggested that the heterogeneity was mainly derived from the study of Guglielmetti et al.^\[[@R32]\]^ Therefore, we analyzed the results of the remaining 13 studies.

The responder\'s proportion was 45.0% in the probiotics group and 37.5% in the control group. The RR of "responders" was significantly higher in the probiotics group (RR: 1.27; 95% CI: 1.13--1.44; *P* \< .001; *I*^2^ = 34%) (Fig. [4](#F4){ref-type="fig"}).

![Forest plot of probiotic effect on overall symptoms: subgroup of probiotic species.](medi-98-e16068-g005){#F4}

In subgroup analysis, the L+B (*Lactobacillus+Bifidobacteriums*) group had significantly benefit for IBS patient (RR: 1.39; 95% CI: 1.19--1.61; *P* \< .001; *I*^2^ = 49%), but not in L (*lactobacillus*) group (RR: 1.02; 95% CI: 0.75--1.38; *P* = .91; *I*^2^ = 0%) or B (*bifidobacteriums)* group (RR: 1.26 95% CI: 0.98--1.62; *P* = .07; *I*^2^ = 23%) (Fig. [4](#F4){ref-type="fig"}).

3.3. Dosage analysis for L+B group
----------------------------------

We divided the interventions in Group L+B into high-dose (probiotic intake \>10^10^ cfu/day) and low-dose (probiotic intake = 10^9^∼10^10^ cfu/day) groups for analysis. Sensitivity analysis suggested a good consistency, but heterogeneity was mainly derived from the study of Yoon et al.^\[[@R24]\]^ For remaining studies, the average dose was 0.96 and 5.36 (10^10^ cfu/day) in low- and high-dose group, respectively. Low-dose group had significant effect for overall symptom (RR: 2.08; 95% CI: 1.59--2.71; *P* \< .001; *I*^2^ = 0%), but high-dose group not (RR: 1.09; 95% CI: 0.86--1.37; *P* = .49; *I*^2^ = 0%) (Fig. [5](#F5){ref-type="fig"}).

![Forest plot of probiotic effect for L+B group: subgroup of dosage.](medi-98-e16068-g006){#F5}

3.4. Network meta-analysis for L+B group
----------------------------------------

The L+B group composed of 5 probiotic programs: DUO, Lac, Pro, F19, and Bif. (details were shown in Table [1](#T1){ref-type="table"}). A good convergence efficiency was proved by all PSRF values of the different parameters were limited to 1. The sample size of each protocol in the network meta-analysis was represented in the form of a network diagram (Fig. [6](#F6){ref-type="fig"}).

![Star-shape network diagram.](medi-98-e16068-g007){#F6}

The DUO and Pro showed superior efficacy compared with placebo (RR: 7.46; 95% CI: 2.00--32.23) and (RR: 7.16; 95% CI: 1.72--29.89), respectively. In the comparison of different protocols, DUO appears superior compared with F19 (RR: 6.37; 95% CI 1.34--32.59) and Bif (RR: 6.66; 95% CI 1.08--47.34). We also found inferior effect when F19 compared with Pro (RR: 0.16; 95% CI 0.03--0.88) (Table [2](#T2){ref-type="table"}).

###### 

Network meta-analysis of responders.

![](medi-98-e16068-g008)

In the ranking table, DUO and Pro had a high probability of ranking top (Table [3](#T3){ref-type="table"}).

###### 

Rank probability of probiotic protocols.
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3.5. Assessment of published bias
---------------------------------

The funnel plots seemingly suggest potential asymmetry (Fig. [7](#F7){ref-type="fig"}). To further assess whether there is a publication bias, we have taken the Begg and Egger test analysis and the results have suggested no evidence of publication bias (*P* \>.1) (additional files).

![Funnel plot for publication bias. (A) Funnel plot for overall studies. (B) Funnel plot for studies of L+B group.](medi-98-e16068-g010){#F7}

3.6. AEs with probiotics
------------------------

Among the 14 studies, 12 reported the information about AEs. As the variance of definition or reported design to AEs, the quantitative assessment was not suitable. In general, the AEs were mainly concentrated in gastrointestinal symptoms and are often mild and transient. Moreover, AEs were at a low level and were not statistically different from the placebo groups.

4. Discussion
=============

The therapeutic value of probiotics for IBS patients is increasingly being explored. It is unrealistic to find a final solution among many probiotics, but through statistical methods, we can find a closer idealized model.^\[[@R33]\]^

In the Pairwise comparisons, our meta-analysis proves that probiotics could improve the overall symptoms in patients with IBS. Moreover, L+B products exhibit superiority when we make a subgroup analysis based on *Lactobacillus* and *Bifidobacterium* which are the 2 major species of probiotics. This outcome should be reasonable that some studies have been indicated that *Lactobacillus* and *Bifidobacterium* are decreased in the patient with IBS.^\[[@R34]\]^ Moreover, *Lactobacillus* and *Bifidobacterium* could produce a variety of beneficial effects because each species exerts a distinct action on the gastrointestinal from different mechanism like secrete bacteriocins, modulate the host immune system, and so on.^\[[@R23],[@R34]\]^ Those actions may be complementary or synergistic. The systematic review of Chapman et al^\[[@R35]\]^ has indicated that probiotic mixtures appear to be effective against a wide range of endpoints. However, their study is a qualitative description mixed with animal and human study. Our research more clearly demonstrates that combined utilization of *Lactobacillus* and *Bifidobacterium* can have prepotent effects compared with single species probiotics.

To further explore the heterogeneous sources in the L+B group, we make subgroup analysis based on dose. We find that the heterogeneity was well eliminated after dose grouping and that "low dose" is associated with improvement of global symptom. The explanation for such an outcome is unclear, but some head-to-head studies have provided evidence that large doses of probiotics are not necessarily better than low doses, and may even be inferior to low doses.^\[[@R16],[@R28],[@R29]\]^ Lorenzo-Zuniga et al^\[[@R28]\]^ speculate that probiotics may not follow the saturation effect of typical pharmacological rules but involve more complex synergistic or antagonistic relationship. Fecal flora analysis before and after probiotics manifests that different bacterial strains have different survivability and overdosage may impair some probiotic living conditions through competition, especially in mixture probiotic products.^\[[@R36],[@R37]\]^ In addition, patient characteristics have an important influence on the efficacy of probiotics. Hod et al^\[[@R38]\]^ find that responder have higher baseline proportions of *Faecalibacterium*, *Leuconostoc*, and *Odoribacter* compared to nonresponders. Meta-analysis find that *Lactobacillus* and *Bifidobacterium* would decrease in IBS-D but not in IBS-C.^\[[@R39]\]^ Therefore, high-dose probiotics may aggravate dysbiosis rather than supplemental effects in some IBS patients. Meanwhile, high-dose probiotics may cause gastrointestinal discomfort in the short term by over-fermenting carbohydrates as *Lactobacillus* and *Bifidobacterium* have ability to digest carbohydrates.^\[[@R40]\]^ In summary, our result suggests that reasonable total dosage and percentage of each component may be one of the research directions to improve the efficacy of probiotic products in patients with IBS and the dosage of 10^9^∼10^10^ cfu/day may be a reference range.

To further analyze the effectiveness of multiple probiotics products, we make a network meta-analysis. In contrast to traditional meta-analyses, which make pairwise comparisons between 2 interventions, the network meta-analyses allow comparison of all interventions regardless of whether there have been direct comparisons in clinical trials.^\[[@R41]\]^ Our study finds that the protocols of DUO have significant effect compared with placebo and might be the best method for improving overall symptoms from the outcome of the rank table. Maukonen et al.^\[[@R42]\]^ have suggested that IBS patients have the characteristic of unstable composition of fecal flora. Analyzing patient feces after taking DUO, Ki Cha et al^\[[@R21]\]^ found that probiotics in the experimental group have better stability than probiotics in the placebo group. This may be one of the mechanisms by which DUO effectively integrates various probiotics to improve the symptoms of patients. However, distinct with the mixture of 4 types patients of IBS, all of the enrolled patients are diarrheic type in DUO group.^\[[@R21],[@R22]\]^ Thus, we cannot fully predict whether the DUO protocols can still achieve a high role in undifferentiated types of IBS. In another 4 interventions, Pro has a higher ranking but no significant difference in each other except F19 showed inferior when compared with Pro. As mentioned above, the F19 protocol is in the high-dose group in this article, and it is inferior may be because of excessive doses. A ridiculous conjecture is that although *Lactobacillus paracasei,* ssp *paracasei* is usually considered safe and stable, it may play a "bad" or "nihility" role in the F19 protocol.^\[[@R43]\]^

Some limitations exist in our article which arose from the nature of the studies available for synthesis. A question cannot be ignored come from the difference of study included variations of baseline, characteristics, intervention, specific process, even though comparing the previous meta-analysis we have strict screen criteria and acceptable heterogeneity. Choosing "responders" as our endpoint makes it inevitable to remove some probiotic clinical trials. Thus, we only compare the effects of 5 different regimes. Meanwhile, for the natural rejection of repeated verification of the same regimes, the limited sample size weakens the statistical significance. Another limitation is that our study has variability in the duration of treatment (4--12 weeks; m ± sd = 7 ± 3.07 weeks) as some probiotic may need more time to take effect. In the network meta-analysis, we have planned to assess the consistency by loop-specific test and nodal analysis. However, no studies provide direct comparison in different probiotics. Consequently, we only make a simple Star-shaped network meta-analysis.

Strengths in our study design include trials with similar patient population and outcome assessments. Through our inclusion criteria, the 14 included RCTs based on Rome III or II have high quality from the risk outcome of bias graph, especially in the blinding method, all of which exhibited low risk. Moreover, we control heterogeneity within an acceptable range and even mild heterogeneity in some results. The low heterogeneity enhances the credibility of the results compared with previous meta-analysis.^\[[@R44],[@R45]\]^ Another strength is the strict control of the outcome indicators. Previous studies tend to use single symptom indicators to prove the partial efficacy of IBS, but patient may experience different chief complaints. To exclude the interference of symptoms variability in IBS, we choose "responders" as our endpoint based on AR or SR. This is an integrated index which could comprehensively demonstrate the patient\'s affirmation of his benefits.^\[[@R46]\]^ Meanwhile, this endpoint could reduce deviation because of educational level and language background of patients. In our impression, this study is the first one to compare the efficacy in different probiotic protocols rather than the simple argument for probiotic benefits to IBS. Through the network meta-analysis, we find some improvement goals about the idealized probiotic pattern for IBS.

In conclusion, probiotics is a safety choice to improve the overall symptoms for IBS patient. The protocols with suitable dose combined of *Lactobacillus* and *Bifidobacterium* can have prepotent effects compared with single species or over-dosage protocols. Network meta-analysis shows that DUO may be the first recommendation for diarrhea-type IBS. In the remaining 4 regimes of this study, Pro has a high rank for undifferentiated type IBS.
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